We have determined that the gene for human microtubule-associated protein 2 (MAP-2) spans 19 exons, including 6 exons identified in this study, 1-4, 8, and 13; all six of these exons are transcribed. The alternative splicing of coding exons generates a greater diversity of MAP-2 transcripts and isoforms. The first three exons encode alternate 5' untranslated regions that can be spliced to additional untranslated sequences contained in exons 4 and 5. Exons 8 and 13 are transcribed in human fetal spinal cord, adult brain, MSN cells, and rat brain, and each exon maintains an open reading frame with both high and low molecular weight MAP-2 isoforms. Antibodies generated to synthetic peptides of exons 8 and 13 demonstrate that these exons are translated and MAP-2 isoforms containing these exons are generated.
MATERIALS AND METHODS
Characterization of Human Genomic MAP-2 Clones. Four human genomic libraries were screened with MAP-2 cDNAs (American Type Culture Collection). Several positive clones were identified and further characterized by subcloning and sequencing in both directions (Sequenase; United States Biochemical).
PCR of Human Genomic DNA. To determine the intronexon boundaries, 500 ng to 1 ,g of the appropriate genomic clone or genomic DNA isolated from human fibroblasts (6) was used in a single PCR. For amplification of large DNA fragments, XL-PCR kit (Perkin-Elmer) was used in combination with the hot-start technique. Amplifications were performed on a DNA thermocycler (Perkin-Elmer). To determine whether the entire 3' UTR was contained within a single exon, PCR was performed with a sense primer located approximately 2.5 kb from the translational stop site and an antisense primer to the end of the rat 3' UTR (18) . The PCR product was cloned and sequenced.
Generation of Polyclonal Antibodies to Exons 8 and 13 and Western Blot Analysis. Synthetic peptides were conjugated by the m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) method (Pierce) to keyhole limpet hemocyanin. The synthetic peptide for exon 8 was a 15-mer (MAEEEKPAALPEKEC) while the synthetic peptide for exon 13 was a 20-mer (LSKI-PALQGSTKSPRYSSAC). Each peptide was individually injected into two female New Zealand rabbits (Charles River Breeding Laboratories). The antibodies were affinity-purified by using SulfoLink coupling columns according to the exact protocol of the manufacturer (Pierce). Heat-stable proteins from rat brain or MSN cells (7) were isolated and immunoblot analysis was performed as described (8) . AP-18 (9) and tau 46 (10) were generously provided by Lester Binder at Molecular Geriatrics, Inc., Lake Bluff, IL, and Virginia Lee at University of Pennsylvania, respectively.
Isolation of RNA from Cell Lines and Human Tissue. Total RNA was isolated from cells by hot phenol extraction (11) (12) or from tissue by using Tri-Reagent (Molecular Research Center; Cincinnati). Poly(A)+ RNAwas selected by oligo(dT)-cellulose chromatography and Northern blot analysis was performed (13) . Tissue was obtained from the Pathology Department at Albert Einstein College and affiliated hospitals.
RESULTS
The MAP-2 Gene Spans 19 Exons. The isolated genomic MAP-2 clones and primer pairs used for the characterization of the MAP-2 gene are illustrated in Fig. 1 . To determine whether there were additional coding exons for MAP-2, two approaches were used: reverse transcription-coupled PCR (RT-PCR) and Northern blot analysis. MSN, human fetal spinal cord, or adult brain mRNA were examined for the expression of additional exons by performing RT-PCR with primers to coding sequences that flanked introns. In addition, some introns were used as radiolabeled probes to determine whether transcripts would be detected in MSN mRNA by Northern blot analysis. By using these strategies two exons, Abbreviations: MAP-2, microtubule-associated protein 2; HMW, high molecular weight; LMW, low molecular weight; UTR, untranslated region; RT-PCR, reverse transcription-coupled PCR; P, postnatal day; MTBD, microtubule-binding domain. (14) . Exon is an important splice site that generates multiple MAP-2 transcripts including MAP-2c.
Exons 9-11 encode the large portion of the projection arm of HMW MAP-2, which is spliced from the LMW MAP-2 transcripts. Exon 9 is the second largest MAP-2 exon (3.7 kb) and exons 10 and 11 are 207 bp and 135 bp, respectively. In the genomic clone, exon 9 begins with 12 bp (ATTTACT-TACAG) encoding 4 amino acids, which were not present in our original MAP-2 cDNA clone 114 but are present in the published rodent and human fetal cDNA clones listed in GenBank (accession nos. M21041 and U01828). 114 was isolated from an adult human brain cDNA expression library (16) and the missing 12 bp were internal to the 1.7-kb II4 clone. While exons 9-11 are contained only within HMW MAP-2, exons 12 and 14-19 are common to HMW and LMW MAP-2 transcripts. Exon 15 contains the first repeat of the microtubule-binding domain (MTBD) and 286 bp of upstream sequence. The fourth repeat of the MTBD is contained in a single exon, exon 16 , with no other MAP-2 sequences. This is expected since the fourth repeat is developmentally regulated and not expressed as part of all MAP-2 transcripts. Sequences encoding the second repeat of the MTBD are split between exons 17 and 18. Exon 18 is 113 bp containing 8 bp from the second repeat and the entire third repeat of the MTBD. Exon 19 contains the remaining 213 bp of the MAP-2 coding sequence, the translational stop site, and the entire 3' UTR. The human 3' UTR has extensive sequence homology with that of the rat. Both 3' UTRs are greater than 3.5 kb and contain many polyadenylylation consensus signals. Usage of these individual polyadenylylation signals may add additional diversity to the MAP-2 transcripts.
Exon 8 and Exon 13. Exon 8 was isolated by RT-PCR using MSN mRNA, a sense primer from exon 7 (ATCACCTGC-CTCAGAACAGACTGTCACAGT), and an antisense primer from exon 9 (CTGGTCTGAAGGCTCAGCTGT). With these primers, two PCR products were obtained: the expected 103-bp product and a 349-bp product that was cloned and sequenced. The clones contained an exon of 246 bp designated as exon 8. Exon 8 sequence is shown in Fig. 2 . Exon 8 has 82% sequence homology with a MAP-2 cDNA clone isolated from an adult rat brain cDNA library (C.G., unpublished data). The translated 
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Sequences of human MAP-2 exons 8 and 13.
exon maintains an open reading frame of 83 amino acids with exons 7 and 9 or exons 7 and 12.
To determine whether exon 8 is expressed in other cell types and tissues, RT-PCR was performed with mRNA from rat C6 glioma cells, human fetal spinal cord (23 weeks of gestation), and human adult brain. The primers used were a sense primer (AAGAAGAAACGCTAGAGAGTCGGA) and an antisense primer (TTTTACTTCTGGAGCCACCTCCTT), both from exon 8. As shown in Fig. 3A, lanes 1-4, (Fig. 3A, lane 5) . Additionally, RT-PCR confirmed the Northern blot data demonstrating that exon 8 can be part of a LMW MAP-2 transcript (data not shown).
These data indicate that in MSN cells HMW and LMW MAP-2 transcripts containing exon 8 exist, but the LMW transcript is expressed in higher abundance. When a Northern blot containing mRNA from adult rat brain was probed with random-primed exon 8, only a 9.5-kb transcript was observed (Fig. 3C, lane 1) . This suggests that exon 8 is transcribed as both HMW and LMW transcripts at different times during development.
Exon 8 is 83 amino acids and would add an additional 10 kDa to MAP-2. To determine whether exon 8 is translated, a 15-mer synthetic peptide (MAEEEKPAALPEKEC) was synthesized for antibody production and the affinity-purified antibody was used to examine the expression of exon 8-encoded protein in MSN and postnatal day 11 (P11) heat-stable rat-brain homogenates. The monoclonal antibody AP-18, which recognizes the N termini of HMW and LMW MAP-2, served as the control (Fig. 3D, lane 1) . In Fig. 2 ). By RT-PCR, we determined that exon 13 is transcribed in C6 glioma, human fetal spinal cord, and human adult brain mRNA (Fig. 4A, lanes 1-4) As shown in Fig. 4B , the random-primed exon 13 isolated insert detected 9.5-kb and 6-kb transcripts on a representative Northern blot containing MSN mRNA (lane 1). Lane 2 was probed with the first 265 bp of human MAP-2 coding sequence. Both 9.5-kb and 6-kb transcripts were observed.
To further characterize exon 13, RT-PCR and cloning were performed with mRNA isolated from human fetal spinal cord and adult brain. Sense and antisense primers were from exons 9 and 13, respectively. These studies will be reported elsewhere (N.K. and B.S.-Z., unpublished results), however, cDNA clones containing full-length exon 13 and clones lacking the first 33 bp of exon 13 were isolated. The elimination of exonic sequences was similar to that observed with the I14 cDNA clone and prompted us to examine carefully the deleted sequences. The sequences deleted from exon 9 (12 bp) and exon 13 (33 bp) revealed a potential splice site that might generate these transcripts. Fig. 5 (Fig. 4C) 
